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Abstract	
Tick-borne diseases (TBDs) are some of the most important animal health and 
management problems in Africa, including Nigeria. This study aims to determine the 
prevalence of an important tick borne disease, anaplasmosis, in a North-central region 
of Nigeria. Blood samples were collected from cattle and stored on Whatman FTA® 
cards. Information on village, age and sex associated with each cattle was also 
recorded. The packed red blood cell volume (PCV) for each blood sample was 
determined. After DNA extraction, pathogen presence was evaluated by TaqMan® 
based qPCR of which 75.9% of the cattle tested positive for Anaplasma marginale. 
Statistical analysis revealed that the presence of A. marginale infection differed 
significantly between cattle age groups. However, there was no significant difference 
in the prevalence of this pathogen between the sexes or among cattle grouped by PCV 
level. Finally, using a highly sensitive molecular method our pioneer study 
contributes to the improvement of the current knowledge regarding tick-borne 
pathogens that seriously affect animal health in specific areas of Nigeria.  
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Introduction	
The interest in tick-borne diseases (TBDs) has emerged during the past decades, 
especially from the veterinary point of view (Jongejan and Uilenberg, 2004). It is well 
known that the prevalence of these diseases around the world is gradually increasing, 
demanding new treatment and preventive control measures (Dantas-Torres et al., 
2012). In Africa, TBDs are one of the most important animal health and management 
problems, seriously affecting the development and productivity of the livestock 
industry (Young et al., 1988). It has been estimated that the annual cost of TBDs to 
the development and productivity of this industry is between US$ 13.9-18.7 billion 
based on a worldwide cattle population of 1288 million (de Castro, 1997). Other 
sources of financial losses that are more difficult to estimate also associated with 
TBDs include the downgrading of hides due to tick bites, secondary infections due to 
dermatophilosis and reduced fertility and abortion (Kivaria, 2006). In addition, some 
TBDs are also zoonotic and fatal to man (Mehlhorn and Schein, 1993). An important 
TBDs that pose a significant threat to cattle is bovine anaplasmosis whose 
transmission has been associated with ticks of the genus Rhipicephalus subgenus 
Boophilus (Aiello, 1998; Bock et al., 2004). This disease represent a major constraint 
to livestock productivity in the tropical and sub-tropical regions of the world 
(Jongejan and Uilenberg, 2004) and have been widely reported across Africa (Bell-
Sakyi et al., 2004; Okuthe and Buyu, 2006; Gachohi et al., 2010; Simuunza et al., 
2011), including in Nigeria (Kamani. et al., 2010; Reye et al., 2012). Bovine 
anaplasmosis is a tick-transmitted intraerythrocytic, rickettsial disease caused by A. 
marginale or A. centrale (Young et al., 1988). The disease is characterised by 
progressive anaemia due to destruction of erythrocytes by phagocytosis, resulting in 
icterus without haemoglobinemia and haemoglobinuria (Kocan et al., 2000). To the 
best of our knowledge, in Nigeria only a very few studies for the detection of tick-
borne pathogens in cattle has used molecular methods and even less applied qPCR. 
The main objective of this study was to provide up-dated information using qPCR 
regarding the presence of A. marginale pathogens in blood samples collected from 
cattle of 11 villages of the Edu Local Government Area (LGA), in Kwara State, 
North-central Nigeria. A statistical analysis was also conducted to determine the 
effect of infection on cattle age, sex, levels of anaemia using packed cell volume 
(PCV). Our study constitutes the first report of the detection by qPCR of A. marginale 
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in cattle blood samples in Edu LGA, Nigeria. Through a highly sensitive molecular 
method, such as the qPCR TaqMan® based assay we expect to contribute for current 
knowledge about the circulating tick-borne pathogens that seriously affect animal 
health in some areas of Nigeria and for a better planning of effective tick control 
measures.  
Materials	and	methods	
Study	population	
Edu LGA was selected as the study location because it has very large pastoralist 
settlements and is one of the largest cattle producing area in Kwara State, North-
central Nigeria. A local informant identified 11 cattle producing villages (Bacita, 
Belle, Bokungi, Fanagun, Fedudangi, Gonandogo, Mokwagi, Ndabata, Ndachewoye, 
Tshonga and Yelwa) in Edu LGA (Figure 1) and these formed the study population. 
Sixty-five households were visited in the 11 villages and between 3-4 cattle were 
sampled in each household. A total of 253 bovines were selected to collect individual 
blood samples between April and August 2013. During collection, the age and sex of 
each sampled animal was recorded. 
Haematology		
Five millilitres (ml) of blood were collected from the jugular vein of each animal with 
a syringe, transferred into EDTA specimen container and kept on ice during transport 
to the laboratory facilities. From each sample, approximately 100 µl was applied into 
Whatman® FTA® cards (Whatman, UK). The cards were air dried and stored at room 
temperature, according to the manufacturer’s instructions, for downstream 
applications. From the remainder of the collected blood, the packed cell volume 
(PCV) was also determined using the micro haematocrit method (McInroy, 1954). 
DNA	extraction	
Extraction of DNA from blood stored on Whatman® FTA® cards (Whatman, UK) was 
carried out following the method recommended for diagnosis of blood-borne 
infections (Ahmed et al., 2011), with some modifications. Briefly, a 3 mm diameter 
disc was cut from each blood sample stored on the Whatman® FTA® cards using a 
hand paper punch. To avoid cross contamination, five discs were punched from blank 
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filter paper between each sample and included as negative controls. The excised discs 
were first washed twice for 15 minutes with Whatman® FTA® Purification Reagent 
(Whatman, UK) in order to remove haemoglobin, and then washed twice for 15 
minutes with 100 µl of Tris/EDTA buffer to remove the purification reagent. The 
discs were then dried for 30 minutes at 37°C.  To elute the DNA, 60 µl of 5% aqueous 
suspension of Chelex Resin (Bio-Rad, UK) was added to each disc and incubated at 
90°C for 30 minutes, as previously described (Becker et al., 2004). The eluted DNA 
was stored at -20 °C until used for the analysis.  
Real	time	PCR		
Real time PCR was conducted to determine the presence of A. marginale using 
primers and TaqMan® fluorescence-labelled probes that specifically amplify a 
fragment of the msp1b gene of A. marginale (Carelli et al., 2007). PCR amplifications 
were carried out in a 7500 Fast Applied Biosystems thermocycler (Alfagene, 
Portugal) with the SensiFAST™ Probe Low-Rox kit (Bioline, Portugal). For the 
samples tested, a 20 µl reaction mix was prepared with 10 µl of SensiFAST™ Probe 
Low-Rox mix, 400 nM of reverse and forward primers, 100 nM of probe, 2 µl of 
DNA template and nuclease-free water up to the final volume. The qPCR machine 
was programmed for an initial denaturation stage at 95oC for 5 min, followed by a 
PCR stage of 45 cycles of 95oC for 45 sec and 60oC for 1 min. Negative controls were 
prepared with no template and positive controls with A. marginale Jaboticabal strain. 
PCR efficiency (90%≤ efficiency ≤115%) was determined generating sequence-
specific standard curves with 5-fold serial dilutions of DNA from the positive 
controls. All reactions were loaded in triplicate into 96-well plates (Bioline, Portugal). 
The threshold was manually set at 0.05 for A. marginale. The data generated for each 
plate was analysed using the Applied Biosystems 7500 Fast 2.0.6 Software (Alfagene, 
Portugal). Samples with quantification cycle (Cq) values above 35 for A. marginale 
were considered negative for the presence of the pathogen. 
Statistical	analysis	
At the time of sample collection, the age of and the sex of 253 animals were recorded. 
For the age classification, animals were considered weaners if they were between 1 
and 2 years old and adults if they were older than 2 years old. Statistical analysis was 
conducted to determine the effect of A. marginale infection on cattle age, sex and 
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PCV using Microsoft Excel (Microsoft Office Professional Plus 2013) and SPSS 
Statistical software (Version 23; IBM). Univariate analysis using Chi-square test ( ) 
or Fisher’s exact test (Plackett, 1983) and Pearson’s correlation (R) were carried out. 
The level of significance was set at p < 0.05. Animals with missing PCV values were 
excluded in the univariate analysis. 
Results	
Between April and August 2013, a total of 253 blood samples were collected from 
bovines of 11 cattle producing villages in Edu LGA that included Bacita, Belle, 
Bokungi, Fanagun, Fedudangi, Gonandogo, Mokwagi, Ndabata, Ndachewoye, 
Tshonga and Yelwa. Most of the samples were collected at Ndachewoye 64/253 
(25.3%), Fanagun 56/253 (22.1%) and Gonandogo 40/253 (15.8%).  
Results of the descriptive statistics have shown that 11.1% (28/253) were weaners, 
whereas 88.9% (225/253) were adult animals. Regarding the sex of the animals, 45.5 
% (115/253) were males and 54.5% (138/253) were females.  
 
To determine the presence of A. marginale in the surveyed animals by qPCR, DNA 
was extracted from 253 blood samples stored on Whatman® FTA® cards. The specific 
primers and TaqMan® fluorescence-labelled probes that amplify a fragment of the 
msp1b gene of A. marginale (Carelli et al., 2007) assured the specificity of the 
reaction. All the reaction plates were validated by the absence of amplification in the 
negative controls and by amplification with the positive controls of A. marginale 
Jaboticabal strain. The 5-serial dilution standard curves that were generated allowed 
to determine the efficiency of each reaction plate automatically with the Applied 
Biosystems 7500 Fast 2.0.6 Software (Stolovitzky and Cecchi, 1996). The efficiencies 
of the plates were within the range 90-115%, also validating the reaction. Regarding 
the detection of pathogens, for A. marginale, a total of 192 of the 253 blood samples 
were considered positive, which corresponds to an overall infection rate of 75.9%. 
The village Belle presented 20/20 (100%) of the samples infected with A. marginale, 
closely followed by Ndachewoye 59/64 (92.2%), Fedundagi 10/11(90.9%), Bacita 6/7 
(85.7%) and Bokungi 10/12 (83.3%). In the villages Gonandogo, Tshonga and Yelwa 
A. marginale was detected in 75% of the collected samples. With a lower infection 
rate were the villages Ndabata, Mokwagi and Fanagun with 57.1%, 50% and 48.2%, 
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respectively. The number of positive samples found in each village sampled is 
described in Figure 2. 
When considering the sex classification and the presence of infection, it was observed 
that the percentage of infected males and females was approximately the same. 
Eighty-six of the 115 males were positive (74.8%), whilst 104 of the 138 females 
were found positive (75.4%), the difference not being statistically significant (p > 
0.9). Looking at the cattle age groups and the detection of infection, the prevalence of 
A. marginale was significantly higher (p < 0.05) in adult cattle 174/225 (78.4%) when 
compared to weaners 16/28 (57.1%).  
The PCV of 233 animals was determined using the micro haematocrit method and 
grouped into five classes (10-20%; 21-30%, 31-40%; 41-50% and 51-60%). The 
results of the number of positive samples per PCV class are shown in Figure 3. 
Twenty of the 253 cattle had missing PCV results and were excluded from the 
haematological analysis. It was observed that 66.7%, 78.8%, 78.2%, 73.9%, and 50% 
of the animals that presented a PCV between 10-20%, 21-30%, 31-40%, 41-50%, and 
51-60% respectively were infected with A. marginale, the differences not being 
significant (p > 0.8). A weak negative correlation was observed between the presence 
of A. marginale infection and the values of PCV (R = -0.026). 
Discussion	
Having accurate disease diagnosis within animal populations is a necessary precursor 
for designing appropriate control strategies. To date, the prevalence of tick-borne 
pathogens in cattle from Nigeria has been assessed by parasitological examination of 
Giemsa stained blood smears (Kamani. et al., 2010), and in ticks collected from cattle 
and dogs by molecular methods, such as conventional PCR (Kamani et al., 2011; Ogo 
et al., 2012). Although conventional PCR has been shown to be useful to determine 
the presence of Babesia and Anaplasma (Figueroa et al., 1993; Martins et al., 2008; 
Bilgiç et al., 2013; El-Ashker et al., 2015), more recently, qPCR has revealed to be 
more sensitive than the first for the detection of protozoan parasites in cattle (Criado-
Fornelio et al., 2009). For the detection of anaplasmosis, some of the TaqMan® based 
qPCR methods involve the amplification of species-specific genes such as the major 
surface proteins (msp) genes (Carelli et al., 2007; Bacanelli et al., 2014), and six msp 
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(msp 1a, 1b, 2, 3, 4, 5) with the potential to be used in diagnostic assays have been 
identified on A. marginale (Kocan et al., 2003). The msp1 gene complex (composed 
of msp1a and msp1b) has been shown to be a well-conserved gene in A. marginale (de 
la Fuente et al., 2001; Bowie et al., 2002), whose products act as adhesin during 
invasion of bovine erythrocytes (McGarey et al., 1994). In the present study, the 
TaqMan® qPCR used were highly specific, and their sensitivity has been previously 
evaluated for A. marginale (Carelli et al., 2007). Probe-based qPCR methods are more 
expensive but, when compared to other PCR methods have multiple advantages, 
including the detection of very low infections, no requirement of post PCR steps, and 
they are a useful quantitative technique for chemotherapeutic and vaccine evaluation ( 
Monis et al., 2005; Bacanelli et al., 2014). They are also useful in processing several 
samples simultaneously for large scale epidemiological studies (Carelli et al., 2007). 
Our results have shown an overall prevalence of 75.9% for A. marginale, being 
greater than 40% in all the villages studied. This result suggests that the disease in the 
region of Kwara State is endemic and may have become endemically stable for A. 
marginale. This endemic stability for anaplasmosis was similarly reported in a 
previous study in Brazil (Bacanelli et al., 2014). Endemic stability is an 
epidemiological state, in which there is high haemoparasites-infected ticks but clinical 
disease is absent in the population (Jonsson et al., 2012). A. marginale was previously 
reported as the most prevalent (53.5%) haemoparasite in ticks removed from Nigerian 
cattle (Reye et al., 2012) and the tick vector Rhipicephalus subgenus Boophilus is also 
the most prevalent in cattle in Nigeria (Lorusso et al., 2013). Furthermore, the high 
prevalence of anaplasmosis reported in this study may also suggest the detection of 
carrier or chronically infected animals with low parasitaemia. This is important in the 
epidemiology of anaplasmosis because these previously infected cattle can now serve 
as an infective reservoir for the disease. The principal source for infection with 
Anaplasma is a persistent carrier state that normally occurs after the animal recovers 
from the acute phase of the disease (Aiello, 1998; Kocan et al., 2000; Bock et al., 
2004). Acting as reservoirs for tick transmission, these animals contribute to the 
propagation of anaplasmosis to susceptible hosts, thereby increasing the number of 
newly infected animals. Moreover, carrier animals during a stressful condition or poor 
nutrition are at risk of succumbing with clinical disease.  
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The lack of significant difference in prevalence of anaplasmosis between sexes of 
cattle in this study is supported by similar findings from a past study in Sudan on 
haemoparasitic infection (Awad et al., 2011). In this study, adult cattle had a 
significantly higher prevalence (p=0.013) of infection (78.4%) compared to weaners 
(57.1%). This finding is in agreement with past studies in Nigeria where this 
difference in prevalence between age groups (Kamani. et al., 2010). A negative 
correlation might be expected between PCV and A. marginale infection because 
anaplasmosis is a haemoparasitic disease characterised by progressive anaemia due to 
destruction of erythrocytes by phagocytosis. The weak negative correlation observed 
here was consistent with this expectation but not statistically significant. A reduction 
in PCV in Nigerian livestock has been shown in infections with tick-borne parasites 
characterised by anaemia, including in A. marginale infection (Obi and Anosa, 1980). 
This observation is in agreement with another study in Nigeria that reported a 
reduction in PCV due to haemoparasitic infections (Kamani. et al., 2010). In a similar 
study carried out in Ghana, the PCV values in cattle studied were significantly higher 
in non-infected animals compared to those with haemoparasitic infection (Bell-Sakyi 
et al., 2004).  
Conclusion	
Ticks and TBDs are considered an emerging global threat both for humans and 
animals. The results of this study indicate that in the 11 villages of Edu LGA, in 
Nigeria, where the blood samples were collected A. marginale was detected with high 
prevalence rates.  Also, it was confirmed that the qPCR TaqMan® based assay is 
indeed sensitive and effective for the detection of tick transmitted haemoparasites, 
revealing more positive samples than previous studies carried out in Nigeria. The 
confirmation of the presence of Anaplasma in Nigeria is of extreme importance as this 
pathogen has great impact in animal health, influencing animal production. Finally, 
information about the prevalence of infection in cattle is essential to provide 
information in order to develop future effective preventive and control strategies.  
Conflict	of	interest	
The authors declare no competing personal or financial interests.  
 10 
Acknowledgments	
The authors would like to acknowledge Rosângela Zacarias Machado (Universidade 
Estadual Paulista - Faculdade de Ciências Agrárias e Veterinárias, Brazil) for the 
Anaplasma marginale control. We would also like to thank the staff of the 
Department of Veterinary Services, Kwara State Ministry of Agriculture for providing 
field support and all the farmers that participated in the research. 
References	
Ahmed, H., MacLeod, E., Hide, G., Welburn, S., Picozzi, K., 2011. The best practice 
for preparation of samples from FTA(R)cards for diagnosis of blood borne infections 
using African trypanosomes as a model system. Parasites & Vectors 4, 68. 
Aiello, S.E., 1998. The Merck Veterinary Manual. Wiley. 
Awad, H., Antunes, S., Galindo, R.C., do Rosário, V.E., de la Fuente, J., Domingos, 
A., El Hussein, A.M., 2011. Prevalence and genetic diversity of Babesia and 
Anaplasma species in cattle in Sudan. Veterinary Parasitology 181, 146-152. 
Bacanelli, G.M., Ramos, C.A.N., Araújo, F.R., 2014. Molecular diagnosis of 
Anaplasma marginale in cattle: quantitative evaluation of a real-time PCR 
(Polymerase Chain Reaction) based on msp5 gene. Pesquisa Veterinária Brasileira 34, 
29-33. 
Becker, S., Franco, J.R., Simarro, P.P., Stich, A., Abel, P.M., Steverding, D., 2004. 
Real-time PCR for detection of Trypanosoma brucei in human blood samples. Diagn 
Microbiol Infect Dis 50, 193-199. 
Bell-Sakyi, L., Koney, E.B.M., Dogbey, O., Walker, A.R., 2004. Incidence and 
prevalence of tick-borne haemoparasites in domestic ruminants in Ghana. Veterinary 
Parasitology 124, 25-42. 
Bilgiç, H.B., Karagenç, T., Simuunza, M., Shiels, B., Tait, A., Eren, H., Weir, W., 
2013. Development of a multiplex PCR assay for simultaneous detection of Theileria 
annulata, Babesia bovis and Anaplasma marginale in cattle. Experimental 
Parasitology 133, 222-229. 
Bock, R., Jackson, L., de Vos, A., Jorgensen, W., 2004. Babesiosis of cattle. 
Parasitology 129, S247-S269. 
Bowie, M.V., de la Fuente, J., Kocan, K.M., Blouin, E.F., Barbet, A.F., 2002. 
Conservation of major surface protein 1 genes of Anaplasma marginale during cyclic 
transmission between ticks and cattle. Gene 282, 95-102. 
 11 
Carelli, G., Decaro, N., Lorusso, A., Elia, G., Lorusso, E., Mari, V., Ceci, L., 
Buonavoglia, C., 2007. Detection and quantification of Anaplasma marginale DNA in 
blood samples of cattle by real-time PCR. Veterinary Microbiology 124, 107-114. 
Criado-Fornelio, A., Buling, A., Asenzo, G., Benitez, D., Florin-Christensen, M., 
Gonzalez-Oliva, A., Henriques, G., Silva, M., Alongi, A., Agnone, A., Torina, A., 
Madruga, C.R., 2009. Development of fluorogenic probe-based PCR assays for the 
detection and quantification of bovine piroplasmids. Veterinary Parasitology 162, 
200-206. 
Dantas-Torres, F., Chomel, B.B., Otranto, D., 2012. Ticks and tick-borne diseases: a 
One Health perspective. Trends in Parasitology 28, 437-446. 
de Castro, J.J., 1997. Sustainable tick and tickborne disease control in livestock 
improvement in developing countries. Veterinary Parasitology 71, 77-97. 
de la Fuente, J., Garcia-Garcia, J.C., Blouin, E.F., Kocan, K.M., 2001. Differential 
adhesion of major surface proteins 1a and 1b of the ehrlichial cattle pathogen 
Anaplasma marginale to bovine erythrocytes and tick cells. International Journal for 
Parasitology 31, 145-153. 
El-Ashker, M., Hotzel, H., Gwida, M., El-Beskawy, M., Silaghi, C., Tomaso, H., 
2015. Molecular biological identification of Babesia, Theileria, and Anaplasma 
species in cattle in Egypt using PCR assays, gene sequence analysis and a novel DNA 
microarray. Veterinary Parasitology 207, 329-334. 
Figueroa, J.V., Chieves, L.P., Johnson, G.S., Buening, G.M., 1993. Multiplex 
polymerase chain reaction based assay for the detection of Babesia bigemina, Babesia 
bovis and Anaplasma marginale DNA in bovine blood. Veterinary Parasitology 50, 
69-81. 
Gachohi, J.M., Ngumi, P.N., Kitala, P.M., Skilton, R.A., 2010. Estimating 
seroprevalence and variation to four tick-borne infections and determination of 
associated risk factors in cattle under traditional mixed farming system in Mbeere 
District, Kenya. Preventive Veterinary Medicine 95, 208-223. 
Jongejan, F., Uilenberg, G., 2004. The global importance of ticks. Parasitology 129, 
S3-S14. 
Jonsson, N.N., Bock, R.E., Jorgensen, W.K., Morton, J.M., Stear, M.J., 2012. Is 
endemic stability of tick-borne disease in cattle a useful concept? Trends in 
Parasitology 28, 85-89. 
Kamani, J., Jwander, L.D., Ubali, Z., 2011. Demonstration of vermicles of Babesia 
species in haemolymph smears of Amblyomma variegatum in Nigeria. . Journal 
Advance Veterinary Research 1, 1–3.  . 
 12 
Kamani., J., Sannusi., A., Egwu., O.K., Dogo., G.I., Tanko., T.J., Kemza., S., Tafarki, 
A.E., Gbise, D.S., 2010. Prevalence and Significance of Haemoparasitic Infections of 
Cattle in North- Central, Nigeria. Vet World 3, 445-448. 
Kivaria, F.M., 2006. Estimated direct economic costs associated with tick-borne 
diseases on cattle in Tanzania. Tropical Animal Health and Production 38, 291-299. 
Kocan, K.M., Blouin, E.F., Barbet, A.F., 2000. Anaplasmosis Control: Past, Present, 
and Future. Annals of the New York Academy of Sciences 916, 501-509. 
Kocan, K.M., de la Fuente, J., Guglielmone, A.A., Meléndez, R.D., 2003. Antigens 
and Alternatives for Control of Anaplasma marginale Infection in Cattle. Clinical 
Microbiology Reviews 16, 698-712. 
Lorusso, V., Picozzi, K., de Bronsvoort, B., Majekodunmi, A., Dongkum, C., Balak, 
G., Igweh, A., Welburn, S., 2013. Ixodid ticks of traditionally managed cattle in 
central Nigeria: where Rhipicephalus (Boophilus) microplus does not dare (yet?). 
Parasites & Vectors 6, 171. 
Martins, T.M., Pedro, O.C., Caldeira, R.A., do Rosário, V.E., Neves, L., Domingos, 
A., 2008. Detection of bovine babesiosis in Mozambique by a novel seminested hot-
start PCR method. Veterinary Parasitology 153, 225-230. 
McGarey, D.J., Barbet, A.F., Palmer, G.H., McGuire, T.C., Allred, D.R., 1994. 
Putative adhesins of Anaplasma marginale: major surface polypeptides 1a and 1b. 
Infection and Immunity 62, 4594-4601. 
McInroy, R.A., 1954. A Micro-haematocrit for Determining the Packed Cell Volume 
and Haemoglobin Concentration on Capillary Blood. Journal of Clinical Pathology 7, 
32-36. 
Mehlhorn, H., Schein, E., 1993. The piroplasms: “A long story in short” or “Robert 
Koch has seen it”. European Journal of Protistology 29, 279-293. 
Monis, P.T., Giglio, S., Keegan, A.R., Andrew Thompson, R.C., 2005. Emerging 
technologies for the detection and genetic characterization of protozoan parasites. 
Trends in Parasitology 21, 340-346. 
Obi, T.U., Anosa, V.O., 1980. Haematological Studies on Domestic Animals in 
Nigeria. Zentralblatt für Veterinärmedizin Reihe B 27, 789-797. 
Ogo, N.I., de Mera, I.G., Galindo, R.C., Okubanjo, O.O., Inuwa, H.M., Agbede, R.I., 
Torina, A., Alongi, A., Vicente, J., Gortazar, C., de la Fuente, J., 2012. Molecular 
identification of tick-borne pathogens in Nigerian ticks. Vet Parasitol 187, 572-577. 
 13 
Okuthe, O.S., Buyu, G.E., 2006. Prevalence and incidence of tick-borne diseases in 
smallholder farming systems in the western-Kenya highlands. Veterinary Parasitology 
141, 307-312. 
Plackett, R.L., 1983. Karl Pearson and the Chi-Squared Test. International Statistical 
Review / Revue Internationale de Statistique 51, 59-72. 
Reye, A.L., Arinola, O.G., Hübschen, J.M., Muller, C.P., 2012. Pathogen Prevalence 
in Ticks Collected from the Vegetation and Livestock in Nigeria. Applied and 
Environmental Microbiology 78, 2562-2568. 
Simuunza, M., Weir, W., Courcier, E., Tait, A., Shiels, B., 2011. Epidemiological 
analysis of tick-borne diseases in Zambia. Veterinary Parasitology 175, 331-342. 
Stolovitzky, G., Cecchi, G., 1996. Efficiency of DNA replication in the polymerase 
chain reaction. Proceedings of the National Academy of Sciences 93, 12947-12952. 
Young, A.S., Groocock, C.M., Kariuki, D.P., 1988. Integrated control of ticks and 
tick-borne diseases of cattle in Africa. Parasitology 96, 403-432.  
 14 
  
 15 
 
 
Figure 1: Locations where the cattle blood samples were collected. (A) Kwara State 
showing the location of Edu Local Government Area, Nigeria. (B) Location of the 11 
cattle producing villages in Edu Local Government Area of Kwara State. Maps were 
constructed using Arc Map software version 10.2.2.  
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Figure 2: Villages of Edu LGA in Kwara State, North-central Nigeria where the 
blood samples were collected between April and August 2013. Black - Number of 
samples collected from each village, with a total of 253 samples; Grey - Number of 
positive samples for Anaplasma marginale. 
  
 17 
 
 
Figure 3: Packed cell volume (PCV, %) determined using the micro haematocrit 
method. Black - Number of animals according to the % of PCV; Grey - Number of 
positive samples for Anaplasma marginale. 
 
